is extracted from renal blood plasma in acidosis in far greater amounts than are other amino acids. Lesser but significant quantities of glycine, citrulline, tryptophan, and proline are also extracted. In contrast, alanine, serine, glutamic acid, cystine, and ornithine are added to renal venous plasma. Since, in acidosis, the glutamic and aspartic acids added to renal venous plasma are equivalent only to 4% of the glutamine plus asparagine extracted and, since negligible amounts of the acids are excreted, it is probable that the a-amino as well as the amide nitrogens of glutamine plus asparagine are removed from the parent molecules. 6 The sum of glutamine and asparagine was -actually determined chromatographically.
Most of the material in plasma is glutamine. Blood samples were centrifuged at once in a cold room and the plasma separated.
Creatinine and PAH were determined by the methods of Phillips (16) It is evident that glutamine plus asparagine8 are extracted from arterial plasma in greatest absolute amounts.
The confidence limit that the arteriovenous difference is greater than zero is well below one-tenth of I % (P = < 0.00 I ). Glycine is also extracted in significant amounts and with high probability.
In all 20 limit of 5 % as significant, the first ten amino acids listed in Table I are either added to or subtracted from renal blood plasma with-some degree of consistency. However, only glutamine plus asparagine and glycine are extracted and only serine and alanine are added in appreciable amounts.
The addition of glutamic acid, although quantitatively small, is highly significant statistically.
In all but one of the 34 arteriovenous comparisons reported in this paper, glutamic acid was added to renal blood plasma. The fact that the addition of glutamic acid is equivalent on a molar basis only to 4 % of the glutamine extracted has functional significance. It suggests, although it does not prove, that both a-amino and amide nitrogens are removed from glutamine. Preliminary experiments have shown that a-ketoglutarate is not added to renal venous blood nor excreted in the urine of dogs in metabolic acidosis. In fact, this keto acid is extracted by the kidney.
In 15 of the 20 experiments summarized in Table I,  sodium bicarbonate was infused in amounts sufficient to elevate plasma concentration to super normal values, to alkalinize the urine, and to reduce urinary ammonia excretion to negligibly low values. Arterial and renal venous plasma concentrations and arteriovenous differences of amino acids under conditions of acute metabolic alkalosis are summarized in Table 2 . The order in which these compounds are listed is the same as that of Table I . The most striking difference in renal amino acid metabolism in acute metabolic alkalosis is the reduction in extraction of glutamine plus asparagine. In all 15 experimental periods glutamine plus asparagine were extracted. However, extraction was roughly halved. The extraction of glycine from and the addition of alanine and serine to renal blood plasma are nearly the same in alkalosis and acidosis. In fact, the only statistically significant changes in arteriovenous difference which resulted from acute alteration of acid-base balance were those of reduced extraction of glutamine plus asparagine (P < 0.001) and reduced addition of cystine (P < 0.02). The only quantitatively significant change is the reduction in extraction of glutamine plus asparagine. It is therefore apparent that acute transition from acidosis to alkalosis affects mainly extraction of the two amides. The concentrations of free a-amino compounds in renal tissue under conditions of normal acid-base balance and in ammonium chloride acidosis are summarized in Table 3 . Each datum is the average of analyses performed on the kidneys of two dogs. Because concentrations differed in tissue samples removed from the two dogs in the same state of acid-base balance, it is probable that the apparent differences in mean values in acidosis and in alkalosis are not significant.
However, the fact that the concentrations of most free amino acids are much greater in renal tissue than in plasma is significant. The latter variable has been measured in all experiments and is considered equivalent to the former. With the exception of glutamine plus asparagine, rates of filtration and reabsorption of a-amino compounds exceed rates of extraction.
As illustrated in Table 4 , the two amides are extracted in acidosis in amounts significantly greater than their rates of reabsorption (P < 0.00 I). Therefore, they must not only be pumped from tubular fluid into tubular cells, but also from peritubular plasma into cells. In acute alkalo- Since glutamine disappears into the kidney and glutamic acid is neither excreted nor added to reaal venous blood in appreciable amounts, it follows that both amino and amide nitrogens are contributed to a renal nitrogen pool. From this pool may be derived the ammonia added to renal venous blood and excreted in the urine and the a-amino groups added to renal venous blood as alanine and serine and, in lesser amounts, as glutamic acid, cystine, and ornithine. Also contributing to this pool are glycine, citrulline, tryptophan, and proline, although their contributions are far less significant than that of glutamine plus asparagine.
Only the extraction of glutamine plus asparagine is significantly related to the acid-base state of the animal. The extraction of glycine from and the addition of serine and alanine to renal blood plasma are unrelated to acute changes in acid-base balance which alter markedly the rate of excretion of ammonia. Since the concentrations of most amino acids in renal tissue are greatly in excess of those in plasma and glomerular filtrate, they must be pumped from tubular fluid into cells against concentration gradients. Further transport into peritubular blood could occur passively by diffusion.
In acidosis glutamine plus asparagine are extracted from renal blood plasma in amounts greater than those filtered and reabsorbed.
Hence these amides must be pumped into tubular cells, not only from tubular fluid, but also from peritubular blood.
One might reasonably conclude that, in so far as glutamine, asparagine, glycine, citrulline, tryptophan, and proline contribute nitrogen to the formation of ammonia, all must be pumped into cells of distal tubules and collecting ducts from peritubular blood. This follows from the generally accepted view that reabsorption is essentially complete within the proximal segments of the nephrons (2 I, 22) and that ammonia is added to the urine in the distal tubules and collecting ducts (23, 24) . If this were literally true then reabsorption and extraction would be completely independent, the former occurring proximally, the latter distally. However, Glabman and Giebisch, in unpublished experiments on rats in chronic metabolic acidosis, have observed that a highly significant fraction of the urinary ammonia of the rat is added to tubular fluid in the proximal segments. Therefore, ammonia is formed, at least in part, in this segment from amides and/or amino acids, possibly in the course of their transport from tubular urine to peritubular blood. Proximal urine of the rat is appreciably more acid than blood plasma in metabolic acidosis (25, 26) . Thus, a pH gradient exists which favors proximal diffusion and trapping of ammonia. However, it is thoroughly possible that the several amino acids are pumped into cells of all renal segments from peritubular blood as well as from tubular urine. Once in the cell their fate is determined by factors other than portal of entry.
The fact that most of the free amino acids are more concentrated in renal tissue than in plasma suggests that moment-to-moment utilization need not vary in precise accord with extraction.
Data to be presented in an accompanying paper (15) indicate that the extraction of glutamine plus asparagine in acute metabolic alkalosis, superimposed on mild chronic alkalosis, may be reduced disproportionately to rate of cellular production of ammonia.
We have implied that the amino acids, serine, alanine, etc., which are added to renal blood plasma, are produced in the kidney by amination of intermediates from an intracellular nitrogen pool largely established by the extraction of glutamine plus asparagine. It is, of course, possible that they arise from the action of tissue proteases on plasma proteins which are filtered in small amounts and reabsorbed.
If such is their origin, then most of the amino acids must be added as peptides, for those added as free amino acids are not in the proportions nor is the pattern that of the constituents of plasma albumin. No information on this point is available.
